Wind tunnel experiments were conducted on two dimensional flow field downstream of a normal plate/splitter plate combination. The effect of varied level of perforation of the normal plate on fluctuating pressures measured across and along the separation bubble was studied using microphone based static pressure probe. The normal plate perforation levels used were 0%, 10%, 20%, 30% and 40%. The Reynolds number based on step height was varied from . The analysis of the results show that the maximum fluctuating pressure coefficient in the flow field, base pressure coefficient and the perforation level can be well correlated, for the cases studied.
Introduction
Separating and reattaching flows are encountered in diverse fields. The wake behind an immersed body is of basic importance in applications to problems of turbulent wind interaction between structures, the dispersal of pollutants or spilt toxic material near buildings, aviation hazards, as well as the traditional agricultural areas of shelter, soil erosion and water conservation. Flow past a porous medium like a screen is of practical interest in many engineering problems; for example, removal of dust from jet engine, inlet flow producing turbulence in wind tunnels, smoothing flows, application to parachute problems, etc. The recirculation region of bluff bodies has beneficial effects for the flame stabilization in combustion chambers. The relatively low speeds and intense turbulent mixing due to unsteadiness of flow in the recirculation region help to sustain a flame at high speeds.
The pressure fluctuations are of common occurrence in unsteady fluid flows. The need for suitable instrumentation to measure pressure fluctuations in turbulent shear flows has been of considerable interest from several years. Interest in this type of data is generated in several fields. For example, turbulent pressure fluctuations can play a significant role in cavitation, turbulent pressure fluctuations can play a key role in aircraft cabin noise which perhaps was the oldest problem that warranted fluctuating pressure measurements and ways to alleviate the problem.
Although not recognized widely, but of great technical significance, is the fact that pressure fluctuations away from flow boundaries can differ substantially from the wall measured values. Static pressure fluctuations in interior and exterior flows, away from flow boundaries, are important in aero-acoustics and in turbulent flow descriptions. In aeroacoustics, the static pressure is of interest insofar as radiated noise is concerned, and in turbulent flows, the correlation between pressure and velocity is important in the determination of stress transport. The lack of reliable methods has severely hampered the measurement, and hence, understanding of turbulent static pressure fluctuations away from flow boundaries.
Basically, two types of pressure fluctuating measurements in turbulent flows have been attempted in the past, namely on the surface and within the flow. From two review articles by Willmarth (1975) and George, Benther and Arndt (1984) , one can understand that pressure fluctuation measurements pose experimental difficulties, particularly for measurements within the flow. Tsai and Yang (1993) , measured pressure fluctuation in the turbulent wake flow behind a two-dimensional V-gutter by use of a static pressure probe like the one used by Govinda Ram and Arakeri (1990) . Gupta and Ranga Raju (1987) , have put forth a method for predicting the mean velocity field downstream of solid and porous fences.
The present study attempts to measure the fluctuating pressures in the flow field by using a built up pressure probe microphone for different perforation levels of the normal plate and then to correlate them.
Experimental Setup and Model Details
The facility used for the present experimental study is a suction-type low-speed wind tunnel driven by a four-bladed fan connected to a 15 HP slip-ring induction motor. Speed control of the 15 HP slip-ring induction motor over a wide range is achieved by using a combination of stator voltage control and rotor resistance control. The cross-sectional area of the test section is 610 mm x 610 mm and its length is 2100 mm. The tunnel contraction ratio is 9:1. Several screens and a honeycomb are provided in the upstream settling chamber with a fine mull cloth cover at the bell mouth entry. A velocity survey in the test section showed that it was uniform within 2% of the centerline velocity except for the boundary layer regions. The centre-line turbulence level The solid/perforated plate is of steel. The step height 'h' above the splitter plate (which is of Perspex, 10mm thick and 650 mm long) is h=12mm for all the cases. The configuration spanned the tunnel width. Figure 1 shows the experimental set up. Suitable number of 3 mm circular holes were drilled in stainless steel plates to result in different level of perforation [0% (no openings), 10%, 20%, 30% and 40%]. Figure 2 shows the normal plates of varied perforation levels (0%, 10%, 20%, 30% and 40% from top to bottom respectively). Table 1 gives the details of the models used in the present study. 
Fluctuating Pressure Measurements

Construction of Static Pressure Probe
It is essential to exercise lot of care in fabricating a microphone based static pressure probe. Basically, the problems stem from the need to account for the effects of the tube and the width of the air gap in front of the microphone diaphragm. The signal obtained with the probe is generally dominated by the resonant frequencies, unless the system is critically damped, in which case the signal to noise ratio suffers. By careful construction, the resonances can be shifted to higher frequencies. By trial and error, critical damping can be used by means of soft material stuffed into the tube to obtain an approximately flat frequency response curve over most of the frequency range of interest.
The static pressure fluctuations were measured with a 3.175 mm diameter B and K condenser microphone (Model No. 4138) . The output of the microphone was fed into a B and K model 2462 cathode follower built-in preamplifier and the root-mean-square (rms) values of the fluctuating signal were measured with a B and K model 2120 measuring amplifier/frequency analyzer. The condenser microphone was supplied with a calibration chart by the manufacturer; however, its quoted sensitivity was verified with B and K model 4220 piston phone calibrator. The static pressure probe used was very similar to the one used by Arndt and Nilsen (1971) and also briefly described in George et al. (1984) . The geometric details of the probe are shown in Fig. 3 . Figure 4 presents the location of the pressure sensing holes where the effect of the nose and holder assembly nullify for the probe microphone built. 
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This probe microphone was calibrated against a standard microphone in an "anechoic" chamber. Figure 5 indicates the calibration set up. Preliminary calibration runs of the probe microphone clearly showed a peak in the response at about 1500 Hz. This frequency agrees well with the predicted resonance frequency for organ type of resonance of the probe tube. Following Arndt and Nilsen (1971) , the resonance peak was reduced by placing glass wool as damping material. This material was placed between the face of the transducer and the static pressure sensing holes. The response of the probe with modifications was found to agree well with the standard microphone and was found to be flat within 2 dB over a frequency range of 20 Hz to 1500 Hz. The directional sensitivity of the probe microphone with respect to the sound source was also checked and up to 15 to 20 degrees tilt very small changes in the readings were observed and this is consistent with the findings of George et al. (1984) with s similar probe.
The Helmholtz resonance frequency of such a configuration can be made sufficiently high as compared to the dominant frequencies of interest associated with the turbulent pressure fluctuations. 
Reattachment Length
Reattachment length was obtained by three methods namely, flow-visualization technique, total pressure tube method and shear velocity measurement. In the flow visualization technique, a mixture of titanium oxide, a little oil and soap solution was prepared and a thin coating of this paint was applied on the splitter plate behind the bluff body. Smooth brush and sponge were used for applying the paint evenly on the surface. When the tunnel was started, the mixture moved over the surface, leaving white trails of bigger accumulation indicating the reattachment region. The location of the reattachment point behind the obstructions was in this way found to be within an uncertainty of 5 mm. The reattachment point thus obtained is denoted as X R . In the total pressure tube method, X R was located by means of twin static tubes soldered together and having a small hole drilled on each of the opposite sides. This device was placed on the floor at right angles to the main flow direction. The reattachment point downstream of an obstacle was taken as the position at which the measured differential static pressure was zero. In the third method X R is taken as the point where the shear velocity becomes zero or cuts the abscissa.
Results and Discussion
General Remarks
As mentioned in the introduction, the primary objective was to measure the pressure fluctuations in the flow field for a particular class of separating and reattaching flows. For the bodies selected and within the Reynolds number range of present experiments, boundary layer at separation was always laminar. This was followed by transition in the shear layer and subsequent turbulent reattachment. Extensive investigative runs were made to assess the background noise levels of the facility, frequency contents of the unsteady pressure, velocity fields and the two-dimensionality of the flow field in the central region of the splitter plate, before the finer measurements were made. Table 2 gives the statement of experimental uncertainty. Table 3 compares the non-dimensionlized reattachment lengths obtained by three techniques namely, flow visualization and by use of total pressure probe and shear velocity plots. It is to be noted that the results indicated in the above table refer to the average values that were obtained in the experiments. Locating a length by using the shear velocity plot and the total pressure tube methods involved elaborate experimental procedure, and were time consuming, whereas the flow visualization method was very quick and simple. The results in Table 3 clearly show that the shear velocity method gives relatively much lower value of X R/ h than that obtained by the flow visualization technique. The total pressure tube method also shows variation tendencies compared to flow visualization results. The reason may be that the presence of the pressure probe tube may disturb the flow in the reattachment region and X R/ h may change depending on the magnitude of the disturbance. It is seen that for all the perforation levels reattachment length is independent of Reynolds number in the present range of experiments. 
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Shear layer pressure fluctuation
The experiments were carried out in the velocity range of 5 to 15 m/s. and 40% perforation of the normal plate
Conclusions
The position of the reattachment location was determined by two methods here namely the surface flow visualization, from the total pressure probe and shear velocity plots. It is established that the former method is more simple and gives better results. On the other hand, the total pressure tube has shown variation tendencies compared to flow visualization results. The reason may be that the presence of the pressure probe may disturb the flow in the reattachment region and hence X R may change depending on the magnitude of disturbance. The fluctuating pressure measurements in the flow field are shown to be strongly dependent on the perforation level of the normal plate, indicating their importance of measurement. Further, the analysis of the data revealed that the maximum pressure fluctuation levels in the flow field can be correlated well with the base pressure and perforation level. For the present study it is found that the ratio 
